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EXPERIMENTAL
By mixing oil, water and relatively hydrophobic nonionic surfactants, viscoelastic systems can be obtained for a certain range of temperature and of oiYsurfactant ratio. From electron and optical microscope observations ,it is seen that these "gels" are high internal phase ratio emulsions. A!hough large amounts of water can be incorporated, i.e. more than 97 % vlv, the continuous phase is an oil phase, as checked by simple electric conductivity measurements. As a matter of fact, Xray and small angle neutron scattering investigations have shown than this oil phase is a microemulsion-, or a water-swollen inverse micellar phase (1,2), and the question arises whether these emulsion gels are stabilized by these smaller micellar particles. Although formed by hydrogenated compounds (3), they have also be found in fluorinated oil and surfactant systems. In fact these fluorinated gels may exhibit a perfect optical transparency for a defined oillsurfactant ratio, and are stable in a much larger range of water contents (60-98 % vlv) as compared to the hydrogenated ones.
The first structural determinations have already be reported (1,2) essentially by using SANS technique at the LLB, Saclay (PACE), and ILL Grenoble (D17). The spectra I(q) (where q is in the range 0.007 -0.3 A-I) arc a supcrimposilion of contributions from the large water globules (the emulsion droplets) and the smaller ones (water swollen micelles). Concerning the micelles, whose volume fraction in the Iluorocarbon may be as large as 30-40 %, the detailed structures can be determined by using the contrast variation method (mixtures of D~O-HZO as the water component), which generally gives rise to rather involved but informative spectra at larger q. A few examples are presented in the previous preliminary papers (1.2). As far as the emulsion is concerned, the mean radius of the large globules, or, more exactly, the specific area of their dispersion was evaluated from the smaller-q range of the spectra, using the Porod-law: with D20 or H20 for the water component, at these low q-values the spectra exhibit a q-4 dependance. Of course, in order to take into account the influence of the surfactant layer at the lluorocarbon-water interface, characterized by a 4-step scattering length density profile, the extended formulation due to Auvray (4) has to be used. Hence, the data have been interpreted by means of the following relation :
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993826 that is,as thc sum of the contributions of two separate phases : the water-globules of specific area Sv dispersed with a volume fraction a, and the microemulsion phase, whose own scatkring power is Im(y).
Moreover, since the "spherical" micelles present a small size polydispersity, and in order to avoid more complicated calculations, Im (q) was approximated according to : lb) I, (q) = x i Si (q)Pi(q) , x is the number density, P the form factor and S the structure i factor or the i-particle calculated for a volume fraction q, and a hard-sticky interparticle potential (5). In fact, for these particular systems, the micelles behave almost as hard spheres, and this is also probably the case for the larger water globules, given the stability of the systems which appear. to be far from any phase separation or critical point. Finally, the IS (q) function is a q2-series (4):
where the first term is the difference of the scattering length densities for the two media on each side of the membranes, that is water and oil (fluorocarbon). The set of equations 1 are simple approximations used for convenient fitting procedures of experimental data. Their validity had been assessed by the coherence of the ~.esults from large set of data in most various experimental conditions. For limited polydispersity level (o/D < 0.2, o and D being the standard deviation and D the mean value of the particle diameter, and ( I < 0.4), eq. l b is quite satisfactory as it has been checked from exact polydisperse hard sphere calculations. But what we want to point out in this short paper are the conditions of applicability of eq. l a for the smaller y-part of the spectra. When the water component is D20 or H20, slightly different values for mean radius of the globules R=3 (P/SV are obtained, typically 5 versus 9 microns. Although not fully satisfactory, this difference could be ascribed to a difference in the state of dispersion of the emulsions; however it has been found systematically whatevevei the surfactant and water contents. Things seem quite wrong if the scattering length density of the water is made identical to that of the fluorocarbon (27 % D20 in the D20/H20 mixture). This can be seen in figure l a : open cercles and triangles correspond respectively to this particular isotope mixture and to H20. Full lines rcprcscnt calculated values according to eq. la-c with Qo equal to the scattering length density of pure fluorocarbon. In fact this discrepancy has to be related to the surfactant content of the micellar phase : experiments at various compositions show that the larger this content the larger the discrepancy. Hence Qo has to be changed. If it is taken equal to the scattering of the whole micellar phase, eq. l a -c give the full lines in the I-b figure ; besides, from these rather good fits the same value of R( 5 w) is obtained, irrespective of the isotopic composition of water.
THEORETICAL AND DISCUSSION
A justification of eqs. la-c may be carried out by refering to the exact calculation of bimodal polydisperse spherical particles.
1, j Sij are the partial structure factors, and Fi the amplitude scattered by the i-particle. Calculations havc bc perfotmed in the case of hard slightly sticky spheres, by using the equations derived by Rohcrtus (6). The bimodal distributions were a superimposition of two Shulz size distributions, with the two mean diameters Dl = 100 A and D2 = 500 A (figure 2a), IOOOA ( fig. 2b), lOOOOA (fig. 2c,2d) and o/D = 0.2. (approximation Ao) S1 are the structure factors for large particles of volume fraction @=0.3 and S2 those for the smaller particles of volume fraction q=0.5. For D2 << Dl, eq.3 arc equavalent to eq.1 for the q-range of the prcscnt investigation. ~~m ,~ is the intensity scattered by a sphere /shell i when the "solvent" scattering length density is taken equal to the mean v a l u~ of that of the "contin~ous phase" or the small particles. And ~2~,~ is the intensity scattered when this scattering length density is that of the pure solvent (equal to zero in the calculations). In figure 2, full lines are for exact calculations (eq.2), open cercles and dotted lines for Am or A. approximations. Fig. 2a to 2c show the influence of the ratio DlID2 of diameters of spherical shells. Clearly, exact and Am approximation results become very similar when DlID2 > 10, at least in the experimental q-range. And, obviously, the discrepancy between exact and A. approximation is quite enhanced when scatterers are vesides (spherical shells).
To conclude, the comparison of theoretical ( fig. 2c-d ) and experimental/fitted ( fig. 1-b ) spectra clearly confirm the validity of the simple relations 1. However, this can be true only on the condition that, when using Porod-Auvray equation ,the scattering lcngth densities of the media at each side of the interfaces must be taken equal to the mean density of the surrounding phases when inhomogeneous.
